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(54) I MPnOVEAlUn ' a IHJ UU RfcLAllNU XU lltLIU\PEUTI C 

METHOPg USING PROSTAGLANDINS ^ut^fut- P/veir^u^Cy 

(71) We/ t^^fTuPIOHN Co m— e^a corporation organized and existing under 
the laws of rhe Sute 6t Delaware U&ltid Sutes of America, of 301 Henrietta Street, 
Kalamazoo, State of Michigan, United Slates of America, do hereby declare the 
invention, for whidi we pray chat a patent may be granted to us, and the method by 
5 which it is to be performed, to be particularly described in and by the fbUowing state- 5 

meat: — , . * 

The present invention relates to methods of ensurmg the regularity of menses of 
ovulating female mammals including humans and animals such as nxmbeys, rats, 
rabbits, dogs and cattle. The ovulating female mammals to be treated may or may not 

10 have been sexually exposed at the time of ovulation. Thus the invention indudes 10 
methods wherry pregnancy of a female tnammal dut has been exposed to a male at or 
subsequent to ovulation is prevented. Still furtbeimore the invention relates to methods 
of inducing labour in pregnam female mammals. 

A crude mixture, called prostaglandin was reported by von Euler, Arch. Ext. 

15 Path, Pharm Abs. 175,78 (1934); 181 (1936); J. Physiol 72,74 (1931); 81,102 (1934); 15 
84,21 (1935) 88,213 (1936); and K'in Wschr 14, 1182 (1935). More recently essen- 
tially pure crystalline PGF (PGF GF,,) has been isolated, British Patent 851,827 
and Acta Chemica ScandinaWca 14, 1693 (1960). Microbiological cooveisions of 
unsaturated fatty acids with mammalian glandular tissue are described in U.S. Patents 

20 No. 3,290,226 and 3,296,091. In the laner patent PGF (PGFi or PGF,.) is designated 20 
as 7 - [3a,5fl - dihydroxy - 2 - (3 - hydroxy - 1 - octcnyl) - cydopcntylj - hepcanoic 
add to conifbcm to ilie following structure: 




1 2 3 * 5 6 7 
COOH-CH2-CH2-CH2-CB2-CH2-CH2 




123 45678 
CEmCH-CH(CB)-CB2-CH2-CaL2-CH2-C^ 



OH 



The PGF-type prostaglandins are diaracterizcd by the presence of the hydxoxyl 
25 group at the 5-pDsition in ^ cydopentane ring. Tlie designation PGF,a shows the 25 
configurating of the hydroxyl at the 5-position. Various (Xher members of the PGF- 
type arc known and are named either systematically or in terms of their relati<m$hJp 
to PGF. Illustrative ihcrcof are PGF;, or 7 - [3a,5<r - dihydroxy - 2 - (3 - hydroxy - 
1 - octtnyl) - cydopentyi] - 5 - hcpccnoic add, PGF^ or 7 - [3o,5a - dihydroxy - 2 - 
30 (3 - hydroxy - 1,5 - octadienyl) - cydopcntylj - 5 - heptenotc adc^ and dihydro PGF»a 30 
or 7 - (3rt,5a - dihydroxy - 2 - (3 - hydroxy - octyl) - cydopentyi] hepianoic add. 
Details of preparations from available materials are disdoseid for dihydro PGFio, 
PGFea, and PGFs. in Biochimica and Biophysica Acta, S4, 707 (1964), and for 

IPrice 2Sp\ 
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PGF.. is U.S. Patent No. 3,069,322. Bergstrom. Carlson and Weeks. Phannacological 
Reviews, Vol. 20, N . 1, 1892 (1968) tenew "ITie Prostaglandins". 

It has now been found accoxding to the present invention niat a method of 
ensuring the regularity of menses of an ovulating female mammal comprises admmi- 
stcring systemically to the mammal a compound of the formula: — 



<m^Jt.ica^)^-coaB. 



HO 



H OB 




wherein X is CHaCHs or trans CH = CH and both Y and Z are CH,CH»; X is turns 
CH = CH, Y is OS CH = CH and Z is CH-CH:: or cis CH = CH; m is 0, 1 or 2 and n 
is 2, 3, 4 or 5 or an acylate thereof wherein the or each acyl radical is that of a hydro- 

10 carbon carboxylic add having 1 to 8 carbon atoms, or a p harniacr utically acceptable 
salt or caiboxylate ester derived from a hydroxy compound having 1 to 8 caibon atoms 
inclusive of such a con^»und, on one or more occasions during a period starting 
substantially at ovul^on and ending at the anddpated menses. 

Phaimaceutically acceptable salts for example, those of alkali metals and alkaline 

15 earth bases, such as die sodium, potassium, caidum and magnesium salts; those of 15 
anunonia or a basic amine sudi as mono-, di-, and triethylamines, bauylamine, heceio- 
cydic amines such as piperidine and morpholmc, and amines oootaining wattr-soUilnl- 
izing or hydxophilic groups such as triethanolamioe and phenj^monoethanolamiDe are 
disdosed in U.S. Patent No. 3,296,091. Carboxylate esters such as methyl, ethyl, and 

20 cyclohcxyl having tio more than 8 carbon atoms are fonned by the usual methods, e.g. 20 
reaction with d; ethane or similar diazohydrocarbons as in U.S. Patent No. 
3,296,091. Acyiaies of Jower alkanoic adds of 1 to 8 caibon atoms indusive are pre- 
pared in the usual manner by reaction of die respective prosta gl a ndin adds with the 
appropriate add anhydride or add halii^ e.g, those of acetic, propionic, butyric, 

25 isobulyric, valeric^ caproi^ and caprylic adds, as in Great Britain Patent Spcdfi- 25 
cation No. 1/M0^44. 

The r^ulari^ of menses can be ensured by the nutbods ox urenuon even if the 
female mammal has been exposed ro a male. Thus pregnancy of a female mammal 
that has been exposed to a male at or subsequent to ovulation is prevented by admini- 

30 stering systemically to the mammal on one or more occasions subsequent to exposure 30 
but prior to the antic^ted menses a compound of Formula I. 

Compounds which are cqxdally useful for the above purposes are those having 
the general formulae:— 



and 



.II 
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wherein Ri is hydrogen, alky] of 1 to 8 carbon atoms tnclusiTC. or a pharmacologically 
acceptable cation. Rj and R.-i are hydrogen or alkanoyl of I to S carbon atoms inclu- 
sive with the proviso chat when Rj is alkanoyl. R. is also alkanoyl, m is zero or 2, 
and X, Y and Z are — CHiCH — , or X is tranir-CH = CH— , Y is ds— CH = CH— , 5 
and Z is — CH^CHj— or cis— CH - CH— . 

When Ri and Rj in a compound of Formula II or III ae both alkanoyl they can 
be the same or different. 

These compotmds of Formulae II and III and the preparation thereof are des- 
cribed and claimed in our copending Application No. 8645/72 (Serial No. 1285372). SO 

Examples of alkyl of 1 to 8 carbon atoms arc methW, ech^, propyl, buty^ penQrl, 
hexyl, heptyl. ooyl, and isomeric forms ihcreof. 

Examples of alkanoyl of 1 to S carbon atoms, inclusive are formyl. acetyl, pro- 
pionyl, butyryl, valcryl, hcxanoyl, beptanoyi, oaanoyi, and isomeric forms thereof. 

Pharmacolo^caliy acceptable cations within the scope of Rt in formulas II and 15 
III are quaternary ammonium ions or the caiionic form of a mecal, ammcHita. or an 
amine. 

Especially preferred metal cations are those derived from the alkali metals, e^g., 
lithium, sodium, and potassium, and from the alkaline earth metals, e.g.. mi^nesium 
and calcium, although cationic forms of other metals, e.g., aluminiiun, zinc, and iron, 20 
are also wittUn the scope of R,. 

Pharmacologically acceptable air ".^ cations within the scope of R, in formulas 
n and III are those derived from [ secondary, or ternary' amines. Examples of 

suitable amines arc methylamine. dtin;:thylamiiie. trimethylaminc. ethylamine, dibu^- 
amine. triisopropylamine. N-methythexylamine, decylamine, dodecylamine, allylamine, 25 
crotylamine, cyclopeniylamine, dicyclobexylamioe, benzylamine, difaenzylamine, a- 
phcnylcthylamine, d-phcnyletbylamine. etlnrlenediamine, dieth^enecriaminc^ and bice 
aliphatic, cycloalif^tiq and araliphatic amines containing up to and including about 
18 carbon atoms, as well as heterocyclic amines, e.g.. piperidine. morpbc^ioe:. pyrroU- 
dine, piperazine. and lowcr-alkyl derivatives thrreof. eg.. 1-mechylpiperidine, 4-ethyl- 30 
morpholine, l-isopropylpyrrolidine. 2-methyIpyrrolidine, 1.4-djmediylpiperazine, and 
2-methylpiperidine, as well as amines conrainiog water-solubilizing or hydrophilic 
gnnips, e.g., mono-, di-, and tricthanolamine. ediyldfetbanolamine. N-butyletiuncd- 
amine, 2-amino-l-butanol, 2-amino-2-etbyl-l,3-propanediol. 2-amino-2-metfayl-l-pro- 
panol, cris(hydroxymethy])aniinomethane, N-phenyledianolamine, N-(p-tert-amyl- 35 
phenyl)diethanolamine, galactamine. N-methylglucamine, N-methyl^ucosamine, 
ephedrine, phenylephrine, epioqifarine, and procaine. 

Examples of suitable frfiannacoIogicaUy acceptable quaternary ammonium cattoos 
within the scope of Ri in fonmifas 11 and HI are tetrainethylaniiirfHiium, tetraettiyl- 
ammonium, beozyltrimethylammonium, and pfaenyltriethylammoiiium. 40 

The compounds of fonnulas II and III are somewhat similar to certain of the 
natural prostaglandins. The latter are considered to be derivatives of prostanotc 
add which has the fdlowtng structure: 
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The naturally-occumng prostaaoic add daivative, prostaglandin Fj. (PGF^.), has the 
following smicture: 

^ ^ COOT 




The compoimd of formula II wherein R|, and R3 are hydrogen, and X is 

5 trans— CH = CH—, Y is cis— CH = CH— , and Z is — CHsCH=— , has the same 
stnicnize as PGF^. except that this fonnu^ II compound has one less carbon atom 
in the ^vdroxy-containing side chain («>»-nor) when m is zero, and one more carbon 
atom . the same chain (tu-homo) when m is 2. The other compounds encranpassed 
by formula II are similarly rdaced to the icnown prostanffic add derivatives dihydro- 

10 PGF„ and PGF3.. The compound of formula III wherein Ri, R:^ and R^ are hydrogen 
has one less carbon (tj-nor) than die known PGF;,. 

These i»-nor and lo-bomo PGF. ounpount^ of formulas II and III are extremely 
potent in causing various biological responses of the general type caused by the corres- 
ponding natural PGF. compounds. Residing the biological responses caused by die 

15 nanual PGF. compounds, see, ior example, Bergstrtmi et al., Phannacol. Rev. 20, 1 
(196S), and references cited therein. 

Thus diese formida II and III compounds are useful for cnsurii^ die irregularity 
of menses and in place of oxytocin to induce labor in {MCgnant animak, including man, 
cows, sheep, and pigs, ar or near term, or in pr^inam aniinals with intrauOtrine death of 

^ the fetus from about 20 weeks 10 temL For this purpose, the compound is preferably 
infused intravenously at a dose 0.01 to SO ug. per kg. of body wei^ per minute undl 
or near the terminadtm of the second stage of labor, i.e., expulsion of the fetus. These 
compounds are especially useful wten the female is one w more weeks post-mature 
and namnl labor has nor started, or 12 to 60 hours after the membranes have ruptured 

25 natural labor has nor - -irred. 

Thus a mexlKxl acc^ . 10 the present invention of inducing labour in a preg- 
nant female mammal comprises administering systemicolly to the mammal a compound 
of Formula 11 or III. 

The methods of the invenoMi are preferably conducted by administering the 

^ acuve ingredient systemically to the fonale mammals, in the form of pharmaceudcal 
oonqiositions. Pbarmaoeutical composidoos coo^Kising as the active ingredient a 
compound of Formula IX or III axe described and claimed in our o^Ms^ing Apfrii- 
cation No. 8645/72 (Serial No. 1285372). 

It is pRfierred to administer the compounds of Formula I in the form of cunposi- 

35 dons in dosage um't forms for ease and economy of administradon and unzformi^ 
of dosa^ Dosage unit form as used in the spedficadon and daims herein refers to 
physically discrete units suitable as unitary dosages for animal and faiunan subjects, 
each unit omtaining a predetermined quantity of active material calculated to produce 
the desired biological effca in associadon with the required pharmaceutical means. The 

^ specifications for the dosage unit forms d diis inventiffli are dictated by and direcdy 
dependent on (a) the unique duracteristics of the active matoiud and the pardcirfar 
Hological effect to be achieved aiul (b) the limitations inherent in the an of com- 
pounding sudi an active material f<a athninistradcm to animal and htmian subjects as 
disctosed in detail in this specification. 

^ For example cffectiveiiess in ensuring regularity cf menses is dependent on pro- 

viding in tbe fomale an effective amoum ix the active ingredient during a span of time 
starting i^)proximaGe1y at the time of ovulation and ending af^noxiaiately at the time 
of menses or just prior to menses. Within this ^lan wherein the prcparatioos and 
methods are operable, variations in time and hcquency of admimstration are possible 

50 provided an effective amount of the essential active ingredient is made available. This 
span conelates with development of the corpus luteum tqmi «4udi, aoondmg to stnne 
experimental data, a luteolytic effect is exerted by tiie present preparaticms and 
methods. Various methods of administration are possible. Illustratively, daily intra- 
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venous infusion of a sterile aqueous phannaceudcal pftparadoc containing the acdve 
ingrcdieni sianiag on or about ihe sixtceniii day of the cyde and ending n or about 
the last day or two of the cycle is an cfTective mode of administratioD. This mode may 
be varied t allow for infusion of lar^r amounts on each of two or three days. Infusion 
5 administration on the second or third day prior to expected menses can be used. 
Another method is the injection of a sterile pharmaceutical unit dosa^ pr^nnnon in 
an aqueous or oily vehicle form injected over a sdttdule of about one injectiott on eadi 
of two or three days. Preferably the sterile aqueous and the sterile oil [tfeparation 
omtain up to about 500 mg per millilitre of said active ingredient. Also in another 

10 preferred feature when the active ingredient is administered in the fonn of a sterile 
aqueous solution the latter can contain up to about 50 mg per mitlilitK of said active 
iijredient. A further method is the injection of a sterile aqueous suspension of a car- 
boxylate ester as heretofore described or an acylatc as hoecoforc described. In this 
mohod one injecdon on or about the sixteenth or seven ttenth day of the cyde is 

15 effective to bring about menses in the ovulating female at the usual time although 
sexual exposure occurs at the time of ovulatimL The sterile aqueous suspension pre- 
ferably also contains up to about 500 mg per miUilicre (rf said cartiozylate ester or 
acylate. Another method is by use of an intravaginal composition; illustratiTelyi an 
tncravaginal suppository administered once every three daj-s starting on or about the 

20 seventeenth day of the cycle tmtil the ensuing menses appean. The intravagiaal com- 
posidon preferably contains up to about 500 mg of the active ingredient. 

Yet another method is sublingual or buccal administration of a suitable pharma- 
ceutical i»eparadon whereby the prindpai acrive in^dient is direcdy available to 
the blood suji^ly and therdiy exerts its boiefidal dfect. One such pharmaceutical 

25 preparation held under the tongue until dissolved once or twice daily starting on or 
about the sevcnKosth day of the cycle is effective to maintain the required amount of 
the active prostaglandin type ingredient to prevent pRgnancy during the particular 
cycle although ovulation and exposure to the male have occurred. Cither injectables 
are, for example, combinations of a water soluble salt and an acyiate or carboxylate 

30 ester to provide both inunediate and prc^nged action. A diy preparatim) for reconsti- 
mrion as desired with an appropriate liquid^ e.g. sterile saline is also used in another 
method. The compound is administered sublingually or bucally preferably in dosage 
unit fonn contaimng up to 200 mg of the active ingxedient. 

The aforesaid prostaglandins are administered in dosage unit forms of pharma- 

35 ceutical preparations supplying to the treated femak mammal an effective amount 
of the essential active ingredient (< irol of the re{»TKlucdve cyde, i.e. by ensuring 
a nonpregnant cyde in the fcmaic rjotwithstanding ovulation and contact with a 
fertile male as by natural coitus during the aforesaid span extending from on or about 
the time of ovidati<m to just prior to expected menses. Additionally, the ovulating 

40 female obtains n^idarity of the reproductive cyde by utilizing the preparations and 
methods of this inventicm, apparendy due to aiding the natural cyde regressi<m of the 
corpus luteum. The pr^paraiicm can be in the fonn of a fine powder of 25 micnxis 
or less, preferably prepared by air micronizaticn, such powder being used as a vaginal 
insufflation. The powder can be sm'taUy compounded with a compatible extender, 

45 e.g., lactose. Other pharmaceutical preparations in dosage unit form are compounded 
of die essential prostaglandin active ingrediait and phannaceudcal means vrhich ad&pt 
the preparation for systemic administration. The pharmaceutical preparations for 
administration to the humans and animals indude thisse for injectable^ sublingual, or 
buccal and vaginal adnunistrauon. Those for injectable administration are, for example, 
50 sterile aqueois solutions, sterile aqueous suspensions, sterile oily solutions or suspen- 
sions, sterile powders for subseq u ent incprporatifm into an injectable form by addition 
of the required sttfhe vehide. The solutions or suspensions are ccmipounded with the 
required pLarmaceudcal means such as preservatives, suspending and dispeising agents, 
and isotonic agents, for examj^e, methyi and pro|^l parabens, sodium chlOTide, poly- 
55 ethylene glycols, e^iedally polyediykne glycol 4000, soditim caiboigmiethylodlulose, 
sodium alginate or polyvinyl pyrrolidone, poly sorbate 80, condensation |m>ducts of 
ethylene oxide with fatty adds, for example polyoxyetfaylene stearate; or with hxty 
alcohols, for examf^ tttptadecaetfa^eneoxycetanol, or witii partial esters, for example 
polymo%thyIene sorbitol mooo-oleate or hexitans derived from soibitt^, for ezam^e 
60 poiy(»[yeth^cne sw^Htan mono-oleare. Preservative such as meth^ and propyl 
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hydroxy benzoates are incorporated ioto such suspensions or dispersions. SuspensicKis 
in oiJy media can be prepared by dispeising die active ingredient m an acc^)taUe ily 
means, for example a vegetable oil such as sesame oil, peanut oil and cottonseed oil. 
These may contain means to detoy adsoipti«ii for exaniple aluminum monosieaxatc. 
5 All dosage unit fonns for injectable administratioa must be sterile as is known and 5 
pracDced in the ait. 

PreparatiiHis for v^inal applicati<m include the essential active ii^iedient reduced 
in particle size to a powder suitable for insufflation or suitaUy mixed with inert 
excipient means such as lactose. Such preparations also indude su^fpositories and 

10 other formed structures such as ring devitts for intravaginal use containing the 10 
essential active ingredient} for exanqile a silicone polymer device in the form of a 
toroid which will release the essential active ingredient during a predetermined period 
of time. The amount of the essential active ingredient provided by the various dosage 
forms is sufficient to supply a dosage of from 0.01 mg. to 20 mg. per kilo of the 

15 treated host, depending on the desired promptness, duration and ma^tude of the 15 
end result. The amount of the prostaglandin compound used in the several methods 
of the invention} wbettm fos oral, infectable, or intravaginal administration can be 
expressed in percentage by weight or in specific amounts. These percentages w ^lecific 
amounts will vary in view of the different CHisct and duration of the biological effects 

20 that attend each dosage tmit form. For example, a sterile aqueous suspension designed 20 
for prolonged action after one injection can contain as much as SOy^ by weight 
whereas a sterile aqueous solution as diluttd with sterile saline for infusion can contain 
as little as 0.00005% (0.5 mg. in a 1000 mL infusion equivalent to O.OI mg/kilo for 
a 50 kilogram woman). A ste^e aqueous soluritm for direa intravenous administrati<m, 

?.5 without dilution as with physiological saline can contain for eicamplc, 5% or more. 25 
Dosage unit forms such as the sublingual and intravaginal types can contain as mudi as 
200 mg. and 500 mg. rcspecti^y. Other suitaMe conqiositions include^ for ocample, 
oily preparations, di>- preparations for suspension and solution, which are designed to 
provide the dosages of from 0.01 mg. to 20 mg. per kilo of body weight. 

30 Altfaouph the exact mechanism of ution of the essential active ingredient of the 30 

prostaglandm type in controlling the repror^.:wtive cycle is not certain, the acdon 
manifests itself in several ways, for example, by regulating menses or heat so diat the 
lengdi of the cycle conforms to a prcdetennined span; by preventing reproduction 
despite ovulation and natural ocposure to sperm; and by a luteolytic i^ienomenon 

35 involving regressitm of corpora lutea. This {nenomenon will terminate anestrus. 35 
The medianism of of the proscaglandms in the treated females is a 

matter for conjecture althc .^^i experimental data indicate that a luteolytic mechanism 
and r^ression of the corpus luteutn may be involved. A pharmaceutical preparatim is 
made up by dissolving PGF-^^ in physiological saline at a cottoeotration of 125 mcg./ml. 

40 and adjusting the pH withhi the range of 5 to 7 with l»carbonate buffer. Cycling 40 
nonnal rats (200 to 300 gm.) are prepared with a right uterine comea indwelling 
cadketer, Weeks and Davis, J. Appl. Physiol. /9, 540 (1964). At the third normal pro- 
estnis pscudopc^ancy is indtwed by vaginal stimuladon widi an elecnric pnbe. 
Vaginal smears are taken m coofinn pseDdojnegnancy. On dw morning of day 5 

45 of pseudo-piegnancy the pharmaceudcal preparation of PGFz« is infused at the rate 45 
of 2.06 ml./day equivalent to about 1 nig.^cg./day of the FGFt.. The infusions of 
the PGFs. pteparadon and a like saline omtrol are continued for 48 hours at which 
time the an^nals are sacrificed and the ovaries harvested and placed in 1 ml. of 2.5% 
NaOH sohirions for determination of p ro gcster u u e and 20a-OH progesterone. The 

50 determinations in two ezpeiimcnts are as listed in Table 1. 50 
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The daia show that the effea of the PGF,. adminisiian n is a reduoi n of 
progesterone content and an increase in the reduced steroid content, thus mdicacng 
a luteolytic action through failure of effeaive pr gesterone content. . 

Rrfeiencc is directed under Section 9 to Bnush Patent Speaficanons Nos. 

1.198,071 and 851,827. 

The following are some Examples of methods of the mvenoon and compositions 

for use in these. 

Example 1 



10 



15 



30 



Intravenous infusion of phannaceutical preparation , . j m 

PGFj, is made in sterile saline solution at a concentranon of 0.5 mg/ml. and lu 
usai for administration by infusion in female rats. Spartan Spraguc-Dawley rats arc 
used. Males arc experienced breeders and females (225—275 gm. body wt.) have 
typical vaginal esnus cycles. Indwelling right heart cannulas are mserted dunng pio- 
imis. After cannulation, dailv vaginal smears are again taken to insme mamtenance 
of normal cycUcitj-. IniiiaUy infusion of PGFr. (3.2 mg.Ag7day «> salmc) coomwnoes 15 
at 4.00 pjn. the afternoon before mating and continues for sue additional days. lUe 
starting time of the infusion is later modified to commence on the morning foHowu^ 
mating because of an adverse affect on mating behavior of the environment assoaated 
with the infusion equipment. The day of finding sperm ui the vagina is oonsideitd 
20 Day I airf the males arc removed from the females at this time. ... 

On Day S. an exploratory laparotomv is performed under ether anesthesia via a 
abdominal midline incision. Uteri are diecked for mimbcr, size, and distribution of 
implantation sites taking care to minimize any handling of the reproductive tract. 
Inasions are closed with surgical silk, and animals rcniraed to their onpMl agps. 
25 On Day 18 females are placed in casting boxes. At pftrtuntion or on Day 23 animals 
are sacrificed and the number and condition of the young are detcnmned. 

^"six of eight rats infused with saline only conceive. Those animals average 11.7 
implantation sites at Day 8, and 7.8 develop fetuses. , . . 4a 

Three of 11 PGF-, treated rats conceive. Xmplantauon sites of one of these three ^ 
are barely detectable at Day 8, no intUcation of pregnancy is evident at autop^ oft 
Day 23. The remaining two have implants of normal size, on the low side of the 
average number and, in one rat» are predominantly in the anterior half of the utenne 
comu. Five fetuses at tenn ^npear normal by gross inspection. 

35 £x.ufPL£ 2 ^5 

Subcutaneous administration of pharmaceutical preparation 
Prosudandin (PGF,.) is made up in sterile saline solution at a concentration 
of 0.8 mg./inL and used for subcutaneous administration in female rats. Spman 
Spiague-Dawley rats are used. Males are experienced breedm and females (225— 
40 275 gm.) have typical estrous cycles. Males are placed with females during piotttrus « 
and allowed to t«main overnight. The following moming females are exanu^ for 
vaginal plugs and the presence of sperm. Animals with vaginal sperm are started on 
tesLtheday of finding sperm being considered Day 1. . ^. ^ 

A 3.2 mg./kg. of PGF„ is injected subcotaneously daily in two evenly divided 
45 dosagca. Animals arc sacrificed on Day 8 at which time the number and size of 45 

implants are recorded. The results are in Table 2. 

B Females arc injected subcutaneously, b.i.d., (twice daily) on days 4, 5 and 6 
with «d>cr 0.1 mg., 0.2 mg., 0.4 mg., or 0.8 mg. of PGFa, per d*y. The are 
sacrificed on Day 15. At the time of sacrifice die number, size and discribuaon of un- 
50 plants are recorded. The results are in Table 3. " 
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Tabu 3 

Efiea of PGFsX wheo injected Subcutancously n Days 4, 5 and 6 



Day 15 



ireatment 


Dose DJ.d. 


Total Dose 
(mg>— No. of 
rats 


No. of rats with 
implantarion 
sites 


Av. No. 

of 
Implants 


Physiological 
Saline 


0.5 cc 


0.0 (3) 


3 


12.7 




0.05 mg 


0.3(3) 


2 


10.5 




O.I „ 


0.6(3) 


2 


10. 0 




0.2 „ 


1.2(3) 


2 


5.0 




0.4 „ 


2.4 (3) 


0 





Example 3 

Subcutaneous administration of phaimacmdcal preparation 

PGF=o is made up in sterile physiologica] saline at a cracencration erf 10 mg./jiil. 
and used for subcutaneous adminiscratioa in feinale rabbits. 

Mature virgin Dutch rabbits weighing about 1^ kg. each are used. Each of ten 
females is mated twice with two different proven males and the day of finding sperm 
in the vaginas of the female rabbits is Day 1. Thereafter, subcutaneous injections are 
begun on Day 4 with the mated animals divided into five groiqis each. 

In Grmq) I each rabbit receives two subcutaneous injections per day of the 
pharmaceutical preparation i»oviding a total daily dosage of 5 mg.^g./day of the 
PGFa.. In Group II each of the five mated female rabbits receives two like daily 
injections subcutaneous! >. 5 ml. of physiological saline. 

The injectioas are ^i^cn on each ^ five days and thereafter on Day 12 theaziimals 
are sacrificed and autopsied. In none at the rabbits injected with the PGF2. prepar- 
ation an implantation sites found at autopsy. In the other group of saline-txeated 
ODnti^ four of the rabbits have inqilantalim sites with the number M imj^ts 
being respectively 8, 5, 8 and 8. The fifth animal in this group shows no evidence of 
im{rfantation sites. 

Example 4 
lotravaginal admintstradon of suppository 

PGF], is made up in a suppository base contaming two parts by weight of poly- 
c ttytay ^ycol 6000 and one port by weight of polyedi^cne ^ycol 1500. The 
5tq>posimcics are fonned into pellets widi a volume <rf apinoximately 1 ml. Tlie siq>- 
positocies for administration of the prostaglandin contain 8 mg. each die FGFj. 
prostaglandin mateziaL 

Ten female rabbits are each mated twice with two different proven males and 
the day of finding of sperm in the vagina is taken as Day 1. Each rabbit is treated oooe 
on days 4, 5, 6, 7, and 8 for a total of five days. Since the individual rabbits weight 
about 1.6 kg., the dosage of the prostaglandin material in the medicament-treated 
animals is 5 mg./kg./day. 

In none of the five prostaglandin-iicited rabbits are imptentatian sites found 
iipon autopsy on Day 12. In each of the five oontnd rabbits treated with saline there 
are unplantation sites averaging 6^ 5, 5, 7 and 9 sites respectirdy. 

EXAMPLE 5 

Aqueous solution 

Mature female rhesus monkeys (5 — 6 kg.) are mated naturally at a time and for a 
duntirai ctf the reproductive cyde aUcuIaied to maximize the chances of c on ception. 
The day oi vnlation is detennined by following peripheral blood progestin levels, 
and ovulation is coofiiroed by lapartmany. Prostagtaodin F,. (PGF,.) is dissolved 25 
mg./ml. in edumol and diluted to 15 mg./ml. with a sterile aqueous mediykdlulofie 
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35 



40 



43 



55 



vehicle (0,25%), TOs «Iandm 



vehicle (0.25"/,). This pIWBglanam preparaoon » miw.«« — 7'." 

mT/iy f r 5'^'days. IniSSo is initiaSS D^7 ate the P«sumcd^y ^^<^<^?? 
in one Animal, feialc No. 16-M. TTk other three ost ^^^JS^^"^^ 
10 15 post ovulation. Peripheral plasma progesnn levels at foUowcd dtor^ 5 
5 currmrto the time of iniecrion. Pregnancy is diagoosed by itcial P»?P«»M * 
mine uterine enlaiBcmenL All test animals are observed f r sysiaiuc signs of drug 
toxicity during the course of the experiment. , , ^ j «. • 

Peripheral blood progestin levels are not comi^eiely depressed by mjtiatmg pio- 
staglandii inieoion on Day 7. However, progestin levels fall precj)icously .^ost » 
10 noS^etectable leveU in three test animals foUowmg the uuoation of drug ^^jwtion 10 
Day n This dixjp in piogesrin level is followed by onset of menses on the 2nd, m 
and 4th day of injection. One of the four test animals, No. 2-M is diagnosed pr^nant 
40 days after mating. Previous control fertiUty and a confinned pregnancy ui a oon- 
curreni control animal indicate planned mating under the conditions <rf this cxpenmcnt 

15 results in a 75—80% fertility rate. ^ 1 • .1,. ..r^t 

No systonic signs of dnig toxicity are noted m any of the anmials in the present 
experiment. SUght tissue necrosis at some of die injection sites and a general aghiemng 
of die skin in the local area of injeoioo are noted. 



Example 6 

Sterile Aqueous Suspension , , ^ u 

A sterile vehicle is prepared to contain in each mUIilitcr 30 "8* !»[>^5™^ 
glycol 400 U.S.P. and 2.9 mg. of preservative. Sterilizatioa is accomplished by tiltration 

thru a sterile clarifying pad. . 1 < .^^m «f 

2.2 liters of suspension is prepared to contam 400 mg. per ml. ot tne acetate 01 ^ 

25 PG^^- E^^hml. Totd 

Acetate of PGFia StcrUc, 

miciomzed 400 mg. 8M Gm. 

Sterile Vehicle Gm. 
an Add the sterile acetate to about 95% of the required vehide unnl a smooA si^afflfn 30 
is obtained. Add the balance of the sterile vehide and mut weU. Pass the whole tlmi 
a sterile mill and collect in a sterile container. . j • 

Intramuscular injection of 1 ml. to the ovulating human 1 day after coitus during 
the fertfle period is followed by menses at the usual time. . m 1 «. 

The acetate is replaced by t^ mte, propionate or afcnesaid similar acylate 35 
or by the methyl, ethyl or similar esicr 01 PGFi. with like results. 

Example 7 

Sterile Aqueous Soludon 

A sterile aqueous soludon for intravenous infusion administratfcm is prepared from 
the following ingredients to contain 25 mg. per ml. of the sodium sah of PGFa- 40 

Sodium PGF^ 25 Gm. 

Lactose Hydrous 50 Gm. 

Sodium Biphoqtbate anhydrous 1.6 Gm. 

Sodium Phosphate Exsiccated 17.S Gm. 

Water for injecdon q.$. ad 1000 ml. 45 

One milliliter is administered by intravenous infusion to the ovulating human female 
after intercourse during the fertile period of the cydc. The infusion is given two 
days before expected onset of menses. It can be repeated on the day brfore expected 
menses. Le-ser anuxmts of the active ingredient can be used for infusioDS given on 
50 three or four days or on several days. Thereaft er menses occurs at the usual time in 50 
the menstrual cyde. 

Example 8 
Intravaginat St^jpository 
Intravaginal siq;>posin>ries are prqiared to contain in each siqiposiiDiy 250 mg. 
of piDstaglandb PGFs.. One thousand suppositories are pr ^ M cd by moulding a 55 
mixture of die following ingredients: 
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PGFia, micToaized 250 Gm. 

Polyethylene glycol 6000 650 Gm. 

Lactose 100 Gm. 

Starting cm the second day post-ovulation osk: sappodvary is used intfaT^jinaUy 
5 each day in the ovulating humaD female with tbc result that meases occuis on the 28th 
day of a normal 28<day menstrual cyde. 

"Zjumple 9 
intrr /aginal Device 

An intravatrr U device in the form of a torotd is fffepared to contain 700 mg. of 
10 dihydro PGFi<, du-persed io the eoroid. The prostaglandin-type active ingiedient is 
dispersed tbnn^hout a vulcanizahle polysiloxane polymer which is then mouUcd in a 
ring structure to provide a toroid for placement in the vaginal tract. The toroid lUg 
structure is inserted into the vagina ^er ovulation where it rekases the active in- 
grediezu and exerts its beneficial biological effect with menses foUowing at the expected 
15 time in ibc menstrual cycle. At that time the intravaginal device is removed. Like 15 
results are obtained wiih an annular ring coated widt the pro6ta^aadin. 

Example 10 
Sublingual Administntion 
One thousand tablets are prepared from the following ingredients, each comaining 
20 50 mg. of active ingredient. ^ 

PGF30, raicrooized 50 Gm. 

Polyethylene glycol 4000, powdered 150 6m. 
PoiyethyteiK ^ycol 6000, powdered 75 Gm. 

The materials are mixed well and compressed into sublingual-qnP^ tablets of the 
25 proper weight. At the time of ovulation the human female uses one under the tongue 25 
and one daily diereafter to ensure that menses wtU occur at the end of the nofmal 
menstrual cycle in the pam'cular female. 

Ei.\MPl£ 11 
Sterik Aqueous Solution 

30 A sterile aqueous solution containing in each milliliter 50 mg. of PGFs. is pre- 30 

pared from the following mgredients: 

PGF*. 50 Gm. 

Ethanol 300 ml. 

Water for iniection qj. ad 1000 vol 

35 The PGFm is dissolved in the ethanol and dien carefully diluted widi the sterile water 35 
for injection. Thereafter the whole is sterilized by sterile fibnrion. One milliliter 
injected intravenously into an ovulating bitch on the lOch and 15tfa days after sexual 
contact with a known fertile stud is benefida! in insimng that the usual beat period 
will take |dace in the bitch indicating that pregnancy is p reve n ted. 

40 Otber embodisKnG in the various dosage imit forms are prqiared with the 40 

additiraial compoumls represented by the formula lurecofore described and used with 
like beneficial results in t^ control of the reproductiTC cyde. 

The daims that are set out b^nv are soldy daims to methods of treating fonale 
TTTatymah and wc Specifically state that no claim is made to the mammak treaued 1^ 

45 these methods. 45 
We make no claim herein to any method of treating a human ovtdtting female 
in a manner contrary to the offences against the Person Act 1861, as amnidrd and 
clarified by the Abortion Aa 1967. Subject to the aforesaid disdaimers: — 
WHAT WE CLAIM IS: — 

50 1. A method of ensuring the r^ulari^ of menses of an ovulating feazude mammal 50 

compriang admhiisteriiig systcmically to thie ™"*""' a compomid of the fonmda:* 
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_ CEg-T-CCHg),. 



cooa 



-X-C-CHg-Z- «IHg)^-CT, 
H OH 



10 



15 



20 



25 



whetcm X is CH3CH. or tznns 01=01 and boch Y and Z are Oi«OIs; X is tzans 
ai = OI, Y is CIS Ol-ai and Z is Ol^OIa or cis 01=01; m is 0, 1 or 2 and 
n is 2, 3, 4 or 5 or an acylate thereof wherein the or each acyl radical is that of a 
hydrocarbon carfaoxyhc add having 1 to 8 carbon atoms, or a phannaceuiicaUy 
acceptable saJt or carboxj'late ester derived from a hydroxy coo^xnind havii^ 1 to 8 
carbon atoms inclusive of such a compound, on one or more occasions during a penod 
starting substantiaUy at ovulation and cndii^ at the antidpatcd menses. 

2. A method in n^ch pr^nancy of a female manunai that has been ei^Msed 
to a male at or iubsequcnt to ovulation is prevented by administering syssemicaUy to the 
mammal on one or more occasions sabsequem to exposure but prior to the antidpatcd 
menses a compound as defined in daim 1. ^ 

3. A method according to daim 1 in which the amtpound is admintBtered by 
intravoious infusion to the mammal each day from wbstamiaUy the sixteeodi day 
of the menstrual cyde. . . 

4. A method according to daim 1 in whidi the compound is administered m 
the form of an intravagfaial omiposition once every three day? from subscandaUy the 
seventeenth day of the menstrual cyde. 

5. A method according to cbfm 1 in which the compound is iniecied m the 
form of a sterile aqueous or oil> .iration on two at three days of die period. 

6. A method according to dam) 1 in whtcb the compound is administered by 
infusion two or three days before the aniidpand menses. 

7. A method according to daim \ or 2 which a sterile aqueous dispersion or 
an acylate or carfaoxylate ester as de&ied in daim I is administered by injection sub- 
stantially on the sixteenth or seventeenth day of the measoual cyde. 

8. A metisod according to any preceding daim in v^idi the cooqxnmd is a 
compound of the formula: — 




teg 



10 



15 



20 



wherein Ri is hydro^n, alkyl of 1 to 8 carbm atoms, indusive, or a {rftaimaoologicaUy 
30 acceptable cation, R> and Rs aie hydrogen or alkanoyl of 1 to 8 carboc atoms, indusive 

with the pcoviso that vAtax R* is alkanoyl, R, is also a&anoyl, m is zero or 2, and 

X, Y, and Z are —01:01:—. or X is trans— 01=01— > Y is ds— 0I=01— , and 

Z is — 0I,01r- or cis— Ol = CH— . 

9. A method according 10 any of claims 1 to 7 m whidi the compound is a 
35 compotmd of ^ formula : — 
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wherein R. is hydrogen, alkyl of one to 8 carbon atoms, inclusive, or a phaimacologi- 
cally acceptable cation, and Rj and Rj are hydrogen or alkanoyl of one to S caitwn 
atoms, inclusive, with the proviso that when R» is alkanoyl, R= is also alkanoyl. 
5 10. A method of inducing labour in a pregnant female mammal a»mpnsing 

administering systemically to the mammal a compoimd as defined m daun 8 or daun 
9 

U. A method according to claim 5 or 7 in which the sterile aqueous preparation 
or suspension contains up to about 500 mg per milUlitie of said compound. 
10 12. A method according to claim 5 in which the sterile oil preparsoon contains 

up to about 500 mg per miUilitrc of said compound. 

13. A method according to claim 4 in whirf- intravagmal composition contains 
up to about 500 mg of the compound. ^ . j • - a %. 

14. A method accoixling to daim i in which the compound is admuustercd st^- 

15 linguaily "or buccaliy in dosage unit form containing up to 200 mg of said compound. 15 

15. A method according to claim 5 in which the sterile aqueous solution cootains 
up to about 50 mg per millibtre of said compound. * j * • 

16. A method according to any previous daim in which the con^XHmd aOmmi- 

20 17. A mediod according to any preceding daim substantially as herein described 20 

with reference to the Examples. 

For the Applicants: 
JENNINGS & EVERY, 
v,-ianered Pateoi Agents, 
51/52 Chancery Lane, 
London, V.C.2. 

Printed for Her Majtscy-i Statioeety Office by the Couxkr Piwt, Let^DCMO Spj, 1972. 
PubliibeiJ by the Patent Office, 25 SouthMopoo BufltJinga, London, WC2A lAY, tnm 

nfaidi eapae* may be obtained. 
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